Papers
Methods of Prospecting for Lead Effects in General Practice by Allen T Wilson MB (Innerleithen, Peeblesshire) It was recorded in Roman times that water delivered through lead pipes might not be wholesome because it seemed to be made injurious by lead (Vitruvius c. 20 B.C.).
The factors involved in aggressive action of water on lead piping had been studied intensively prior to 1934 (Ingleson) but there was then no accepted standard for the maximum permissible safe level of lead in water. One American paper by Wright et al. (1928) , gave evidence that 0-1 parts per million had caused poisoning, but most authorities stated that a figure five times that should not be exceeded.
In the last thirty years copper and polythene have been increasingly used for water pipes. Standards for maximal allowable concentration of lead have been put forward. In 1946 the US Public Health Service Drinking Water Standards recommended that the presence of lead in excess of 0 1 p.p.m. should constitute grounds for the rejection of a water supply. In 1958 this figure was proposed by the World Health Organization as the maximal allowable concentration in communal drinking water supplies. In 1960 the US Public Health Service imposed a permissible limit of 0 05 p.p.m. (or mg/litre) and finally in 1962 a Committee of the American Water Works Association (Bean 1962 ) stated that the maximum permissible amount of lead in an ideal water supply is not more than 0 03 p.p.m. (mg/l.). This is evidence of the development of the idea that lead, as an undesirable toxic chemical, should be eliminated wherever possible from contact with human food and drink.
There is no statutory legal limit in Britain but it is against this background that we must consider the statements of Wood (1961) that almost all public supplies in Britain are capable of dissolving more than 0-1 p.p.m. of lead from lead pipe under certain conditions, and that the adoption of the WHO standard would raise very serious problems with considerable financial implications.
The literature on the toxicity of small amounts of lead was reviewed by Williams (1958) and he suggested that many human beings are already ingesting the maximum quantity of lead that can be taken without giving rise to manifestations of intoxication. Bean (1962) describes lead as a cumulative poison, the dependable excretion of which is limited to 0 3 -0 5 mg per day, though some retention does take place at the latter amount. Giving the mean daily intake of individuals from food, water and other sources as 03 mg he estimates that the lead intake from water containing 0-03 p.p.m. would be about 15% of the maximum allowable total daily intake.
A standard work of reference on 'The Examination of Waters and Water Supplies' (Thresh et al. 1949 ) has contained, for the last fourteen years at least, the comments that lead has caused much ill-health in areas supplied with soft acid moorland and peaty waters through lead pipes, and that lead pipes should not be used for the distribution of waters of this type. It is open to any general practitioner who has such a water supply and lead pipes in his house, to put two drops of bromo-thymol blue indicator into 10 ml of water in a test tube and, if it turns yellow, to begin developing an index of suspicion for the welfare of himself and his family. That is the simplest test of the acidity of a water supply. The pH range of bromo-thymol blue is from yellow at pH 6-0 to blue at pH 7-6. A wider range of pH can be covered using Universal Indicator. It is not usually difficult to persuade a laboratory to do a confirmatory pH estimation. Most general practitioners know whether they have a soft water from the amount of soap they use and whether their water comes from a peaty moorland.
Apart from waters which are persistently acid, some show alterations in water pH produced by the washing out of peat acids after heavy rainfall.
As an example of variability in pH: the addition of indicator to samples of water taken on the same day from the top and bottom of the same hill showed an obvious colour difference. At the peaty hill top, the pH was 6-0 and at the bottom, the pH was 7-2. The many other factors concerned in plumbo-solvency of water supplies are not so easily investigated in the consulting room. Though soft waters are most notorious in this respect Thresh et al. state that certain types of very hard waters, with a high nitrate content, may also be plumbo-solvent, and may give rise to severe lead poisoning. Also, of course, in areas where lead is mined, streams may be seriously contaminated without any contact with lead piping.
It is quite possible that, in a house with mixed lead and copper plumbing, the earliest warning of dangerous lead-solvency might be provided by the speed at which a blue copper stain develops at the bath tap, because copper is also attacked by aggressive waters. A young mother recently complained that her baby's white face cloth had turned blue after being in use for seven weeksthe baby was only 8 weeks old. Samples from both hot and cold taps were reported as containing lead in excess of 1 p.p.m.
A very simple qualitative test for lead or copper is described by Frazer & Stallybrass (1953) : 'Acidify some of the water with hydrochloric acid and stir with a glass rod dipped in ammonium sulphide. Any brown coloration indicates lead or copper.' A second tube with distilled water and a third tube with water concentrated by boiling help in the interpretation of the phrase 'any brown coloration'. Sulphide methods are described by Abbott & Harris (1962) as being of low precision. A serious objection is that organic matter interferes with this test. The brown discoloration affecting some country water supplies in Scotland after heavy rainfall is due to organic material. This increases plumbo-solvency but also may adsorb lead, so any attempt to remove it by filtration prior to testing is liable to give false resultsby crude tests as well as sensitive methods.
The routine of taking bacteriological and chemical samples at the same time, after first sterilizing the tap and then running it for five minutes, is likely to conceal lead solvent tendencies. The sample taken thus during the day will have a very different lead content from the water which may go into the kettle first thing in the morning.
According to Ingleson (1934) any water delivered through lead pipes may be expected to contain lead, although the amounts in many cases may be so minute as to be of no practical significance. If an analyst is not convinced of the possibility of toxic effects at levels of lead in water below 0 1 p.p.m., then he is certainly under no obligation to use more complicated methods which are sensitive below that level. The requirements for medical research into whether such traces might conceivably have any effects are quite different. Precise measurements of the amounts are necessary. Increasing interest is being taken in geographical variation in incidence of disease. There have been a number of studies on correlation between hardness of water and cardiovascular disease. In one of these (Morris et al. 1961 ) mention is made of the possibility of soft water carrying harmful trace elements into supply. With a contaminant such as lead the method of water sampling alone can produce differences in result, apart from variations in analytical method. It will therefore be a formidable task to exclude lead as a possible etiological factor.
From a clinical aspect, while wrist-drop, blue line in the gums, and abdominal colic are features of marked lead poisoning, the symptoms described by Jones (1935) as 'suggestive evidence of incipient intoxication' would give a general practitioner great difficulty in diagnosis: 'Metallic taste, definite loss of appetite, coated tongue, slight abdominal colic, constipation, slight headache, insomnia, slight dizziness, palpitations, increased irritability, muscle soreness, easily fatigued.'
The symptoms of 'suggestive evidence of lead absorption' listed by Jones are so vague that they are quite impossible for general practice purposes.
Jones gives 50 to 100 'stippled cells' per 100,000 erythrocytes (or 0 05 to 01 %) as suggestive of incipient intoxication. However, lead poisoning can occur without any punctate basophilia. Shrand (1961) , using this as a diagnostic aid, gives the probability of a positive result as only 18 %. Also, the type of microscope which is commonly available for routine work in clinical laboratories does not give sharp enough definition to yield satisfactory results even in the hands of a skilled microscopist, according to the Report of the Committee on Lead Poisoning to the American Public Health Association (1943) . A suitable microscope should give at least x 900 magnification.
In 1948, de Langen & ten Berg published a paper on 'Porphyrin in the Urine as a first Symptom of Lead Poisoning'. They described this as appearing far more regularly and considerably earlier than any other sign, and as being simple and cheap to demonstrate. Lead interferes with hemoglobin synthesis and as a result an excess of coproporphyrin III is produced. This is excreted in the urine. Coproporphyrin can be extracted with ether from urine acidified with glacial acetic screening test for use in a general practitioner's consulting room, the simple portable apparatus described by Donath (1956) has proved very convenient. Confirmatory tests such as estimation of lead content of blood and urine and of specific urinary amino-acid abnormalities should be sought to confirm findings by such simple screening tests but they are available at relatively few centres. For two years I have been screening ante-natal patients in a practice where the water supplies have plumbo-solvent characteristics. When the Donath apparatus has been used in industry the coproporphyrin range 100-200 ,ug/l. has been found in 10% of normal males not exposed to lead, but also in workers definitely poisoned -as shown by decreased hemoglobin and increased punctate basophilia (Zielhuis 1961) . In the first year 10 maternity patients out of 40 reached this level ( Fig 1A) . They were then told to cut down their intake of water. One stillbirth occurred with other evidence suggesting abnormal lead exposure. In the second year, therefore, all maternity patients were asked to limit intake of water and tea to one pint per day with a compensatory increase in milk intake. Only one patient out of 50 on water restriction reached the urine coproporphyrin range of 100-200 ,ug/l. She lived in a top flat and the length of her lead piping may have influenced this. Two other maternity patients with abnormal weight gains had not obeyed these instructions and showed this urine coproporphyrin level (Fig IB) , as did 3 patients prior to water restriction. Fig 2 shows the results obtained from a brief study in two other practices, one in Aberdeenshire with soft water, the other in Midlothian with hard water.
These numbers are small. They are the results of very tentative prospecting. They require to be repeated for confirmation on a much larger scale and with the most sensitive apparatus. It may well be, however, that testing the urine of the maternity patient, for long regarded as specially sensitive to lead, may prove the simplest way of estimating any hazard from lead in water supplies.
